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ABSTRACT 
Success Dam, primarily a flood control and water conservation structure owned and operated by the US Army Corps of Engineers, lies in 
Seismic Zone 3. During construction of the dam, the impervious core trench was excavated to either weathered bedrock or older alluvium. 
However, the pervious outer zones of the embankment were constructed on existing in-situ materials, including recent alluvium, that were 
only minimally prepared. In 1992, the Corps of Engineers concluded that the state-of-practice allowed for a better understanding of the 
seismic response of the alluvial soils than was previously available, and a study to update the seismic stability evaluation of Success Dam 
was initiated. A testing program using cross hole shear wave velocity measurements and Becker Penetration Tests followed. These initial 
explorations showed unusual and unexpected variations in the foundation. Additional exploration programs resulted in a total of 62 Becker 
Penetration Tests, 20 Standard Penetration Tests, and 39 cross hole shear wave velocity holes to understand a 1,500-foot-long section of the 
dam foundation. The final site characterization shows an unsuspected zone of weak material deep in  the foundation under the upstream 
shell of the dam. Only through the use of multiple field exploratory techniques was the character of this complex site adequately revealed. 
INTRODUCTION 
Success Dam, primarily a flood control and water conservation 
structure, was constructed during the period of 1958 through 
1961. The dam lies in Seismic Zone 3 and is owned and 
operated by the US Army Corps of Engineers. 
The dam is a rolled earthfilled structure 145 feet high and 3,404 
feet long. It consists of a central impervious core, with upstream 
and downstream pervious outer zones separated from the core by 
12-foot thick transition zones, and random rock blankets on the 
upstream and downstream faces for erosion protection. During 
construction of the dam, the impervious core trench was 
excavated to either weathered bedrock or older alluvium. 
However, the pervious outer zones of the embankment were 
constructed on in-situ materials that were only minimally 
prepared. These materials included recent alluvium, alluvial fan 
deposits, terrace deposits, and overburden (slopewash). An 
idealized cross section of the dam is shown as Fig. 1. 
A previous seismic evaluation, completed in 1983, concluded 
that Success Dam would perform adequately in the event of a 
maximum credible earthquake. However, there was considerable 
uncertainty about the amount of deformation the dam would 
experience under seismic loading, and the dam was declared safe 
largely due to the available freeboard of 39 feet over the gross, or 
normally full, pool level. 
In 1992, the Corps of Engineers concluded that the state-of- 
practice allowed a better understanding of the seismic response 
of alluvial soils than was available for the 1983 evaluation. 
Subsequently, a testing program using cross hole shear wave 
velocity measurements and Becker Penetration Testing was 
initiated to update the seismic safety evaluation of the dam. 
SITE DESCRIPTION 
Success Dam is located in Califonria within the western foothills 
of the southern Sierra Nevada. Northwest and southwest 
trending hills and broad valleys typify this area. The foothill belt 
is 5 to 12 miles wide and merges with increasing relief into the 
Sierra Nevada. All rock within the area, with the exception of 
that classed as alluvium, is part of the “bedrock complex” of the 
Sierra Nevada. The dam site is primarily a flat river valley, 
flanked on the right by a moderately steep hill abutment, and on 
the left by a low wide terrace. This terrace, in turn stands under a 
moderately gentle hill abutment. 
Soils occurring in the region are residual soils, formed by 
weathering of the bedrock complex and terrace deposits, and 
slopewash where movement of the residual soils by gravity has 
occurred. Alluvial materials occurring at the dam site are: recent 
alluvium, older alluvium, terrace deposits, and alluvial fan 
deposits. 
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Fig. 1. Idealized Cross Section of Success Dam 
The recent alluvium deposit ranges in  thickness from 17 to 24 
feet and consists of materials that are unconsolidated, loose, 
totally uncemented, and unweathered. The recent alluvium 
material is described in the Foundation Report, Success Dam 
Project (1961) as an assortment of interbedded sands, silts and 
sandy gravels with occasional cobbles and boulders. Silt sizes 
are rare, generally 10% or less, except in the upper sandy portion 
of the recent alluvium deposit (Q,,). The sands are medium-to- 
fine grained and the rock sizes range from % inch to 3 feet. 
Older alluvium underlies the recent alluvium in the channel 
section and the terrace deposits on the left abutment. It 
unconformably overlies bedrock and was explored to a depth of 
169 feet (elev. 423) prior to the construction of Success Dam. 
The older alluvium is a heterogeneous assemblage of river 
deposited silt, clay, sand, gravel, cobbles, and boulders, 
intermixed with slopewash and talus from the bordering hills. 
The deposit lies below the perennial water table, is generally well 
consolidated, unoxidized, moderately to very intensely 
weathered, locally cemented by calcium carbonate and/or 
gypsum, and is generally impervious. However, infrequent thin 
pervious lenses of sand and gravel exist in the deposit without the 
clay and cement binder. 
The terrace deposits on the abutments are in time, derivation, and 
mode of deposition identical to the older alluvium, but differ in 
that they lie above the perennial water table and are subject to 
different weathering conditions. The terrace deposits are usually 
pervious, oxidized (reddish brown to yellow brown), moderately 
to intensely weathered and locally very poorly cemented to 
uncemented with calcium and or gypsum. In some areas, the clay 
sizes have been removed by percolating water or ground water 
fluctuations. In these intermittent zones of sand and gravel, the 
sand sizes predominate and are generally medium-grained, 
poorly consolidated, poorly graded, and appear to be pervious. 
Within the terrace deposits, the gravel and cobble sizes range 
from 2 to 5 inches in diameter. 
Alluvial fan deposits originate in a large ravine downstream from 
the left abutment and impinge on the valley section forming the 
foundation for a small portion of the main dam embankment. 
Weathering of the bedrock on the left abutment and erosion of 
the terrace deposit are the sources of the sediments in the fan 
deposit. The deposit is moderately consolidated, clayey sand 
overlying clayey gravels, tight, and slightly weathered. 
CONSTRUCTION 
The dam can be described by five sections: the right abutment, 
which extends from dam axis Station 19+67 to Station 26+00; 
the valley section which ranges from Station 26+00 to Station 
38+00; the edge of the left abutment terrace which runs from 
about Station 38+00 to Station 40+SO; the left abutment terrace 
which extends from Station 40+50 to Station 47+00; and the left 
abutment running from Station 47+00 to Station 53+66. An 
idealized plan view of the dam is shown in Fig. 2. Generally, 
between dam axis Stations 26+00 and 40+00, the upstream and 
downstream shells of the dam are underlain by recent alluvium. 
Prior to construction, investigations had characterized the 
thickness of the recent alluvium overlaying the site at 40 feet on 
average. During construction, equipment excavating the core 
trench encountered firm, resistant material (older alluvium) at 
elevations where unconsolidated sands and gravels were 
expected. The materials encountered were actually well 
consolidated, cemented sands and gravels. No advantage was 
seen in scarifying these materials. Other portions of the core 
trench excavation encountered older alluvium or bedrock at 
anticipated elevations. The impervious core, composed of 
predominantly sandy clays and clayey sands, was placed on 
either weathered bedrock or older alluvium, using 12-inch loose 
lifts compacted by 4 passes of a 50-ton pneumatic-tired roller. 
The transition zone materials consist of gravelly sands smaller 
than 6 inches. 
Outside the core trench, the foundation on the abutments was 
scarified and compacted with a SO-ton pneumatic roller. Little or 
no scarification was performed in the valley section, and these 
materials were prepared only by rolling. On the steeper portions 
of the abutments, in lieu of scarifying, the foundation was 
prepared by making lateral passes with a dozer prior to placing 
individual lifts of f i l l .  The pervious shells consist of sands and 
rock sizes smaller than 12 inches and generally classified as 
gravelly sand with a 12-inch maximum particle size and no more 
than 12% passing the No. 200 sieve. Density was obtained by 
spreading with a tracked dozer into 24-inch loose lifts and then 
compacting by 4 passes of a 50-ton pneumatic-tired roller. 
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EXPLORATIONS FOR THE SEISMIC EVALUATION 
Explorations were performed in five phases between 1994 and 
2000. They were preceded by the construction of access roads 
(drilling benches) traversing the downstream toe and the 
upstream and downstream slopes of the dam. The upstream 
bench was constructed at an elevation of 635 feet, offset 150 feet 
upstream from the centerline of the dam. The downstream bench 
was constructed at an elevation of 650 feet, offset 110 feet 
downstream from the centerline of the dam. These placements 
allowed for drilling through a substantial thickness of the 
embankment shells and for exploring the foundation in close 
proximity to the core trench. 
Phase 1 Explorations 
The first phase of explorations were performed in April and May 
1994, and consisted of the installation of eleven 4-inch-diameter 
PVC casings, 22 open bit Becker Hammer soundings for 
collecting disturbed samples, and 23 closed-end Becker 
Penetration Tests (BPTs) to obtain blowcount data for estimating 
(N1)60 values of the penetrated soils. The PVC casings were 
installed usually in sets of three with the casings spaced about 15 
feet apart and used for measuring shear wave velocities. 
Shear wave velocity data (V,) were collected and interpreted in 
June 1994, by the Corps of Engineers Waterways Experiment 
Station (WES). The Phase 1 data showed unusually low shear 
wave velocities (-500 ft/sec) in portions of the upstream 
embankment shell and foundation. However, shear wave 
velocity profiles measured in the downstream embankment shell 
and at the toe of the dam were classified as normal with no 
significant deficiencies. The Becker Penetration testing resulted 
in data showing areas of low equivalent SPT (Nl)bO values. 
These areas were distributed throughout the embankment and 
recent alluvium, and correlated reasonably with the low shear 
wave velocities. 
In addition, the data showed that the lowest values of shear wave 
velocity and BPT blowcounts were measured in an area under the 
upstream shell of the dam where a bedrock depression, 45 to 65 
feet deeper than in all other borings, was encountered. This area 
eventually became known as the “filled depression.” 
Phase 2 Explorations 
The second phase of explorations were performed in March and 
April 1995 and consisted of the installation of 14 additional 
geophysical PVC casings, 26 closed-bit BPTs, and 7 test pits. 
Five of the six BPTs on the downstream bench were performed 
with an open bit through the entire embankment shell, then 
switched to a closed bit in the foundation. This was done in 
response to difficulties experienced in Phase 1 trying to penetrate 
the embankment shell. The test pits were excavated near the 
downstream toe of the dam to provide bulk samples for 
laboratory testing. 
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Shear wave velocity data (V,) was again collected and interpreted 
by the WES in May 1995. Shear wave velocity measurements 
continued to show unusually low velocities in the upstream 
embankment and some intermittent low velocity zones in the 
foundation that usually correlated with the recent alluvium. The 
unusually low velocities were unexpected within a modern 
engineered embankment dam. Therefore, the velocities were 
also measured by the Bureau of Reclamation (Reclamation) in 
December 1995, with good agreement with the WES results. 
The conclusions drawn from the Phase 2 explorations were that 
portions of the downstream foundation may be potentially 
liquefiable, that an appropriate interpretation of the BPT data 
required more investigation, that a sandy alluvium at the 
downstream toe is potentially liquefiable, and that additional 
explorations were required, particularly in the upstream 
foundation, to properly characterize the dam and foundation. 
Phase 3 Explorations 
Phase 3 explorations, performed in October and November 1995, 
consisted of 6 additional PVC casings and 13 closed-bit BPTs. 
The Phase 3 explorations confirmed the existence of a deep 
bedrock depression, about 300 feet wide, under the upstream 
shell. Materials in  this depression exhibit low (N1)60 and V, 
values. The confirmation of the weak material in the upstream 
foundation and the need to obtain samples, combined with the 
known problems regarding the variability of BPT energy input, 
led to the requirement to perform Standard Penetration Tests 
(SPTs). Energy variability using the SPT is better understood 
and samples are less disturbed than those obtained with a Becker 
Hammer. By using the BPT as a screening tool, SPTs were 
concentrated in specific areas of concern. 
Phase 4 Explorations 
The Phase 4 program was performed between January and March 
1996 and consisted of 12 SPTs for the purpose of developing a 
site-specific correlation for interpretation of the BPT data. 
The Phase 4 explorations concluded that the Harder and Seed 
(1986) BPT/SPT correlation was reasonable for data obtained 
along the downstream toe and free field at this project. However, 
the upstream data could not be correlated consistently with any 
published BPT/SPT relationship. In addition, the lateral extent 
of the upstream filled depression was confirmed at about 300 
feet, between Stations 27+00 and 30+00. 
Geoacoustic soundings were also performed from a boat in the 
reservoir. 
Phase 5 Explorations 
Phase 5 explorations were performed in the spring of 2000 and 
included 3 SPTs in the upstream filled depression, and 5 SPTs 
along the downstream toe. The SPTs performed from the 
upstream bench determined that the depression was not filled 
with granular alluvium as previously suspected. It was, in fact, 
filled with a weak, cohesive soil derived from weathered 
bedrock. The downstream toe SPTs detected sand lenses that are 
believed to be continuous from those mapped in the core trench 
during construction. 
The Phase 5 explorations concluded that even though the filled 
depression material is expected to respond to earthquake shaking 
differently than a granular alluvium, it is still expected to be a 
critical influence on the dynamic performance of Success Dam. 
The impact of the sand lenses detected at the toe on the seismic 
behavior of the dam will be determined by analysis. 
REDUCTION OF FIELD DATA 
Equivalent SPT Nm values were estimated from BPT data using 
procedures and correlations proposed by Harder and Seed (1986) 
and Sy and Campanella (1  994). The Harder and Seed procedure 
accounts for the variation in energy of the diesel hammer by 
using bounce chamber pressure to normalize blowcount data to a 
constant combustion condition. This method does not provide a 
separable estimate of penetration resistance caused by friction on 
the drive casing. However, friction is inherent in the empirical 
data and is reflected in the curve of the resulting SPT-BPT 
correlation. The Sy and Campanella procedure uses 
instrumentation attached to the drive casing to directly measure 
the energy delivered by the diesel hammer. The friction on the 
casing can be evaluated for selected hammer blows using a 
computer program, CAPWAP (developed for the pile driving 
industry), which uses a signal-matching technique to estimate the 
shaft friction and end bearing. Sy proposed a series of 
correlation curves representing a range of friction effects. 
At Success Dam, bounce chamber pressure and energy data were 
both recorded during the Phase 1 and 2 explorations. The Sy and 
Campanella procedure resulted in a large scatter of equivalent 
SPT Nm values compared to the Harder and Seed method. But, 
within the range of values normally considered in liquefaction 
analysis, the two methods provided similar results. Thus, 
considering the comparatively high cost and computational 
complexity of the Sy and Campanella procedure, the Harder and 
Seed procedure was used exclusively after the second phase of 
explorations. 
Shear wave velocity data (V,) were stress-corrected or 
“normalized” to a confining stress of 1 ton per square foot (V,,) 
using the relationship proposed by Robertson, et al. (1992). 
where Pa is the reference stress - 1 tsf in this case - and G’,, is 
effective overburden pressure in compatible units. Stress- 
correction allows for more direct comparison of shear wave 
velocity data to similarly normalized (NJm blowcount data from 
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BPTs and SPTs. 
Plots of (N1)60and Vsl are shown in Figs. 3 and 4 for explorations 
performed from the upstream bench, downstream bench, and 
downstream toe. Data from the upstream filled depression is 
shown separately from all other upstream data since this section 
is critical to the overall performance of the dam. Note the low 
velocities in the upstream shell and foundation, which are 
different from the typically expected pattern of increasing 
velocity with depth. This shear wave velocity profile suggests 
reduced density and/or stiffness of the upstream embankment 
material. The (N1)60 profiles generally support the shear wave 
velocity profiles. 
RESULTS OF FIELD EXPLORATIONS 
As a preliminary assessment, it is generally accepted that (N1)60 
values less than 30 and V,, values less than 800 feet per second 
should be considered potentially liquefiable. 
Embankment 
Upstream. Nine closed-bit BPTs and eight geophysical sites 
provided data through the upstream dam shell. (Nl)m values 
range from 13 to over 200, but most values fall between 32 and 
64. 
Normalized shear wave velocity (V,,) values range from 430 to 
1,150 feet per second (fps), but are mostly within the 600 to 900 
fps range. Between about Station 33+50 and Station 25+25, 
there is substantial data less than 800 feet per second. This 
indicates that a portion of the upstream embankment may be 
liquefiable if the material is saturated and subjected to strong 
earthquake loading. However, the corresponding BPT (N1)m 
data are mostly in excess of 30, indicating that the material 
should not liquefy. This illustrates how data from different 
methods may not correlate. Thus, multiple methods must be used 
so that engineering decisions are not overly influenced by a 
single source of information. 
Downstream. Thirteen closed-bit BPTs and three geophysical 
sites provided data through the downstream embankment shell. 
BPT (NI)@ values range from 32 to over 100, but mostly 
between 40 and 65. V,, values range from 795 to 1,900 fps, but 
mostly within 925 to 1,600 fps. Both the shear wave velocity 
data and the Becker Penetration Test data indicate that the 
downstream embankment is not liquefiable. 
Recent Alluvium 
Review of data from the Foundation Report, Success Dam 
Project (1 96 1) indicates that the expression of recent alluvium 
(Qal) in the core trench walls ranges from 11 to 23 feet thick and 
occurs from Station 25+00 on the right to Station 39+65 on the 
left. 
Upstream. Explorations in the recent alluvium conducted from 
the upstream bench consisted of eight geophysical sites, eight 
SPTs, seven open-bit Becker Hammer soundings, and 17 closed- 
bit BPTs. 
The explorations show that the naturally occurring Qal layer 
under the upstream shell consists of either a sandy material 
containing little or no gravel (less than 15% by weight) and a 
gravelly sand or sand with gravel material (greater than 15% 
gravel by weight). The Qal material with less than 15% gravel 
content occurs across most of the upper portion of the profile 
(including the upper portion of the filled depression) as a nearly 
continuous layer. In this Qal material, (N1)60 values range from 2 
or less - at one location the SPT drill rod sank under its own 
weight - to 72, but mostly from 6 to 14. VSI values range from 
385 to 1,160 fps, but mostly from 500 to 850 fps, indicating that 
these materials are potentially liquefiable. Qal material with more 
than 15% gravel content occurs across most of the profile as a 
continuous lower layer. In this Qal material, (N1)60 values range 
from 33 to 433, but mostly from 49 to 93. VSI values range from 
535 to 1,925 fps, but mostly 850 to 1,500 fps, indicating that 
these materials probably are not liquefiable. 
Upstream Filled Depression. Explorations in  the filled 
depression encountered recent alluvium sediments at the 
expected elevations based on the previous phases. However, the 
older alluvium, underlying the recent alluvium everywhere else 
in the profile, was not present in this reach. Instead, a saprolite 
soil was present that has chemically weathered, in-place, from the 
bedrock complex of interbedded olivine basalt and altered 
peridotite. Lab analysis of the saprolite soil indicated the 
material ranges from an elastic silt (MH) to silt (ML) and lean 
clay (CL) to a fat clay (CH). Many of the samples plot very 
close to the “A” line (differentiates silt from clay) on the Unified 
Soil Classification System (USCS) plasticity chart. The filled 
depression may have developed by the ancient Tule River 
channel removing the older alluvium materials and allowing 
deeper and more intense weathering of the bedrock materials 
than elsewhere across the site. (N1)60 values within the filled 
depression range from zero - in  some locations the drill tool sank 
under its own weight - to 10. VsI values range from 400 to 1,050 
fps, but mostly between 400 and 700 fps. This soil is not 
considered liquefiable, but it is very weak and is expected to 
have a critical influence on the dynamic performance of Success 
Dam. 
The coverage of the geoacoustic soundings (performed as a part 
of the Phase 4 explorations) included portions of the upstream 
shell near the toe of the dam and continued for several hundred 
feet upstream of the dam. The resulting tomography indicates 
that the filled depression continues at least several hundred feet 
upstream of the dam toe and seems to remain consistent in width 
as far upstream as the tomography was collected. 
A review of the core trench mapping completed during the 
construction of Success Dam and explorations conducted from 
the downstream bench and toe areas indicates that the filled 
depression does not exist in the core trench excavation or under 
Paper No. 10.17 5 
640.- 
500 
I I l l  I h c ]  - U/S Filled Depression U/S Bench (Other Data) - -  - 1  - ;  ' -  I 
480 
.... ... . . .  .... 
460 
Fig. 3. Average Data from Becker Penetration and Standard 
Penetration Tests. 
the downstream portion of the dam. 
Downstream. Explorations in the recent alluvium conducted 
from the downstream bench consisted of three geophysical sites, 
13 closed-bit BPTs, and eight open-bit Becker Hammer 
soundings. Interpretation of this and all other data sources 
indicates that the downstream Qal materials typically range from 
13 to 18 feet thick. BPT (N1)60 data ranges from 6 to 15, but 
mostly between I O  and 14 for the sands with less than 15% 
gravel. Normalized shear wave velocity (Vsl) values range from 
1,100 to 1,250 fps in sandy Q,, material. Note that, as was seen 
for the upstream embankment material, the testing methods do 
not agree well. The (N1)60 values indicate the sandy alluvium is 
potentially liquefiable while the VsI values are in a range 
considered less likely to liquefy. For materials containing greater 
than 15% gravel, the (N1)60 values range from 21 to over 100, 
but mostly between 21 and 33. Similarly, VSI values for the 
gravelly Qal range from 1,300 to 1,900 fps, but mostly between 
1,400 and 1,700 fps. The (N1)60 and VsI values both indicate that 
the Qsl materials containing more than 15% gravel are probably 
Vsl, fps 
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Fig. 4. Average Data from Cross-Hole Measurements of Shear 
Wave Velocity. 
not liquefiable. 
Downstream Toe. Explorations conducted along the downstream 
toe of the dam and in the free field downstream of the dam 
(within 130 feet of the toe) consisted of seven SPT drill holes, 
three geophysical sites, 32 closed-bit BPTs, seven open-bit 
Becker Hammer soundings, and seven backhoe trenches. They 
encountered recent alluvium (Qal) ranging from 9 to 24 feet thick, 
but mostly between 14 and 16 feet thick. Sandy Qal occurs 
across most of the downstream toe and has (N1)60 values that 
range from 10 to 22, but mostly between 11 and 14. VsI values 
range from 410 to 8 10 fps, indicating potentially liquefiable 
material. In the Qal material consisting of sands with more than 
15% gravel, (N1)60 values range from 22 to 52, but mostly 
between 26 and 46. Normalized shear wave velocity (Vsl) values 
average 925 fps indicating that this material is probably not 
liquefiable. The backhoe trenches show this material usually 
contains about 5% cobbles and occasional boulders to 3 feet in 
diameter. 
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Note that the recent alluvium is generally thinner downstream of 
the dam than beneath the upstream shell of the dam. The older 
alluvium exhibits a similar thickness pattern across most of the 
valley section. Similarly, bedrock also occurs at shallower 
depths downstream of the dam than upstream of the dam. These 
observations may indicate tectonic movement (uplift or folding) 
has occurred in the vicinity of the dam site at least into late 
Pleistocene and most likely into the Holocene period. The 
pattern of thickness of the two alluvial deposits and depth to 
bedrock should be the reverse of what is found at the Success 
Dam site if no tectonic movement was occurring in the vicinity. 
Tulare Formation - Older Alluvium 
Materials recovered from drill holes located on the upstream 
bench and from the downstream toe are consistently similar 
everywhere in the older alluvium deposit. This material is well 
consolidated, partially indurated, and well cemented, and was 
recovered as a silty or clayey sand, well graded sand with silt and 
gravel, or a silty gravel. A large percentage of the in-place 
gravel size soil is decomposed, and the mechanical action of the 
drill broke up the gravels into sand-size, angular fragments. 
High (NJm values reflect the high in-place consolidation and 
cementation of these materials. These results match descriptions 
of the older alluvium materials encountered in the excavation of 
the dam core trench. The following (NI)M) and normalized shear 
wave VSI values indicate that this material is not liquefiable. 
Upstream. Explorations conducted from the upstream bench 
tested this deposit in seven SPT drill holes, 11 closed-bit BPTs, 
seven open-bit Becker Hammer soundings, and seven 
geophysical sites. Normalized shear wave velocity (V,,) values 
range from I ,2 I O  to 3,360 fps, but are mostly between 1,400 and 
2,500 fps. The BPT and SPT (N1)M) values range from 9 to 803, 
but mostly between 30 and 189. 
Downstream. Explorations testing this deposit and performed 
from the downstream bench consisted of three geophysical sites 
and 12 Becker Hammer borings (five closed-bit BPTs and seven 
open-bit). Normalized shear wave velocity (V,,) values range 
from 1,650 to 2,800 fps and the BPT (N1)M) values range from 32 
to over 625, but mostly are between 32 and 91. 
Downstream Toe. Explorations testing this deposit conducted at 
either the downstream toe or in the free field consisted of three 
geophysical sites, seven SPT holes, 32 closed-bit BPTs, and 
seven open-bit Becker Hammer soundings. Shear wave velocity 
V,, values range from 1,045 to 1,970 fps, and BPT and SPT 
(NI)M) values range from 28 to 395, but are mostly between 35 
and 140. 
foundation. On the right side of the dam, these materials range 
mostly from 14 to 32 feet thick and increase in thickness toward 
the right in the dam foundation. The terrace deposit on the right 
side of the dam is in turn partially overlain with a thin veneer of 
slopewash. The recent field explorations that encountered the 
terrace deposits are located on the far left side of the upstream 
bench. These explorations consisted of one SPT hole, two BPTs, 
and one geophysical site. Interpretation of the penetration 
resistance and the shear wave velocity data, combined with soil 
descriptions from the dam construction and SPT samples, 
indicate two basic materials exist in this deposit. One is a sand 
with gravel, cobbles, and silt. The second is a cleaner sand 
located near the (basal) geologic contact with the older alluvium. 
In  the small portion of the terrace deposit that the recent field 
explorations encountered, shear wave velocity V,, values range 
from 765 to 940 fps for the cleaner sandy material, with BPT and 
SPT (N1)60 values ranging between 8 and 11. For the siltier 
sands with gravels and cobbles, V,, values range between 1,475 
and 2,350 fps, while BPT and SPT (N1)M) values range from 33 
to 172, but mostly between 85 and 172. Due to the low VS1 and 
BPT (N1)m values in the cleaner channel sand material, it should 
be considered potentially liquefiable. However, the limited 
extent of these materials may preclude them from being a threat 
to the seismic stability of the dam. In the silty sands with gravel 
and cobbles, the shear wave velocities (V,,) and the SPT and 
BPT (N1)60 values all indicate non-liquefiable materials. 
Recent Fan Deposit 
The fan deposit is located at the toe of the left abutment terrace 
and is fed by a gully located about 700 feet downstream of the 
left third of the dam. The recent fan deposit is a mixture of 
sediments eroded from the left abutment Tulare Formation, 
colluvium and bedrock fragments. 
Explorations at the toe of the dam encountered clayey material 
belonging to this recent fan deposit. One SPT drill hole, one 
geophysical site, three closed-bit BPTs, and one open-bit Becker 
Hammer sounding encountered this fan deposit. The material 
recovered is a lean clay with sand overlying a clayey sand with 
gravel that in turn overlies a clayey gravel. (N1)60 values in  the 
clayey sand range from 1 1  to 16, and in the clayey gravel range 
from 24 to 32. Normalized shear wave velocity (V,,) values 
range from 680 to 720 fps. Due to the low (N1)M) and V,, values, 
the clayey sand must be considered potentially liquefiable. 
However, the clayey nature of the material and its limited extent 
under the downstream toe may preclude it from being a threat to 
the seismic stability of the dam. 
Bedrock 
Tulare Formation - Terrace Deposits 
Terrace deposits occur under the ends of the dam. On the left 
side of the dam, these materials range mostly from 22 to 46 feet 
in thickness and increase in thickness towards the left in the dam 
Review of the core trench map from the Foundation Report, 
Success Dam Project (1961) shows the dam core founded on 
bedrock between Stations 48+00 and the left end of the dam, and 
between Stations 30+20 and the right end of the dam. Geologic 
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information from preconstruction, construction, and recent field 
explorations, combined with data from the core trench maps, 
indicate there are several different metamorphic and igneous rock 
types present in  the dam foundation. The granite in the 
foundation was found to be decomposed to a silty sand in the 
upper 6 feet of an SPT drill hole and was of even greater 
thickness in several preconstruction churn drill holes at the dam 
site. Below this decomposed material the granite is very 
intensely to intensely weathered to considerable depth. In the 
olivine basalt, gabbro, diorite, granodiorite, and peridotite 
encountered in the dam foundation, the decomposed material 
thickness is very thin (less than a foot) and is elsewhere very 
intensely to intensely weathered. Metavolcanic materials and 
quartzite encountered in the dam foundation is only moderately 
to slightly weathered. Where encountered, the decomposed rock 
is very compact and, after reviewing test data, the decomposed to 
intensely weathered bedrock has sufficient SPT and BPT 
penetration resistance and sufficiently high shear wave velocity 
values to indicate that these materials will not liquefy during an 
earthquake. 
SUMMARY CONCLUSIONS 
As a preliminary assessment, it is generally accepted that (NJm 
values less than 30 and V,, values less than 800 feet per second 
should be considered potentially liquefiable. With this in mind, 
an unusual zone of low density material, referred to as a “filled 
depression,” exists beneath the upstream bench of Success Dam 
between Stations 27+00 and 30+00. This zone is located about 
15 feet below the surface of the natural preconstruction 
topography. There is also a 10- to 25-foot thick layer of 
potentially liquefiable alluvium under the dam shells over most 
of the explored width, Station 26+00 to Station 41+00. A 
portion of the upstream embankment shell material is also 
potentially liquefiable. While these materials may not actually 
experience 100 percent excess pore water pressure during a 
seismic event, they are still subject to significant strength loss 
during seismic motions. 
AUTHORS’ REMARKS 
Rollins et al. (1998) examined the relationship between shear 
wave velocity and Becker hammer penetration resistance used in 
liquefaction assessments. Their study effectively illustrated the 
large scatter and low correlation coefficients that result from 
relating these types of data. The Becker Penetration Test 
measures large strain effects, larger even than the Standard 
Penetration Test. As such, the penetration resistance can be 
significantly altered by a single cobble-size particle that may not 
accurately represent the overall density of the material being 
penetrated. Also, there are uncertainties associated with 
converting BPT data to equivalent SPT data. Nonetheless, the 
Becker Penetration Test is presently the tool of choice for 
examining gravelly materials. Conversely, shear wave velocity 
measurements detect small strain effects. Rollins et al. described 
how these measurements can be significantly altered by 
differences in soil structure and cementation such as those 
differentiating Pleistocene and Holocene gravels. 
We believe caution is required in attempting to establish a 
correlation between these types of data at any site. Ultimately, it 
remains the responsibility of the engineer to plan and execute a 
careful exploratory program, using multiple tools when 
necessary. The engineer must then examine all the available data 
and use experience and judgement in drawing conclusions about 
the site and its present and future performance. 
The authors believe that attempts to characterize this site using 
any single exploratory tool, method, or correlation would have 
been inadequate and possibly misleading. Only by using a 
combination of tools, carefully examining all data, and applying 
sound judgement was this site adequately characterized for 
seismic safety studies. 
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